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SUMMARY 

Results are presented of 89 imeet iga t ion  in  the Langley 19-foot 
pressure tunnel of tbe longitudinal character is t ics  of  a wing ha- 
45' sweepback of the quarter-chord line, an aspect  ratio  of 8, = taper 
ra t io  of 0.45, and W A  63L~012 airfoil sec t ions   -para l le l   to  the plane 
of symmetry. The reeults were obtained from force measuretaents through 
a &ynolds number range from 1,500,000 t o  4,800,000 and pressure- 
dis t r ibut ion meaeuremerrts at Reynolds rimers of 1,500,000 and 4,000,000. 
The ef fec ts  of  fences and leading-edge roughness on the characterist ics - of  the wing were Fnvestigated by me8118 of  force and pressure-distribution 
rceasurements at a Reynolds number of 4,000,000. 

The results of the investigation  Fndicated that the wing pitching- 
moment variations were caused by section-lif t   variations on the outboard 
portions of the  wing and not  by  section pitching-moment variatione. The 
w i n g  pitching-moment curve changed from a stable slope at zero lift t o  
an unstable slope at fairly low lif% coefficients and became progres- 
sively more unstable as maxhnuu lift was approached. The changes in  
pitching-moment-curve slope were due t o  separation on t he  outboard 
section which first caused a reduction i n  section-lift-curve slope and 
finally c a u e d  a loss i n  section lift. The section pitching-moment 
variations became  more stable aa the wing maxFmum lift w a s  approached. 

Varying the Reynolds nurdber from 1, m, OOO t o  4,000,000 caused the 
outboard  separation and hence the wing pitching-moment i n s t a b i l i t y   t o  
be delayed t o  slightly higher lif't coefficients. At Reynolds e e r  

angles  of  attack, w i t h  the result tha t   the  wing pitching-moment curve 
was linear almost t o  maximum lift. The pitching-mmnt  variation was 

I of 4,000,000, fences  delayed the outboard s e w a t i o n   t o  much higher 



s t i l l  unstable at the stall, however. Adding leading-edge roughness t o  
the wing at a Reynolds number of  4,000,000 caused the section lift and 

. wing pitchhg-momelrt var ia t ions  to  be somewhat similar t o  those at the 
low Reynolds nuniber. 

The maximum l if t-coefficient of the a wae abovk 1.01 and was 
not  affected by changes in Repmlds number o r  by leadingedge roughness. 
Reducing the Reynolds m b e r  or  adding  leading-edge  roughness, however, 
increased  the angle of attack a t  which m u b u m  lift was attained. The 
fences  increased m a x l m u m  lift coeff ic ient   to  1.07. 

Varying the Reynolds number, adding  leading-edge roughness, or  
Installing fences on the wing had practically no effect  on the root 
section-lift  curves which were almost linear t o   t h e  highest angle of 
attack of the tests (31O). 

IIPTROIJIETION 

Sweptback w i n g s  have been the  eribject of much experimental and 
theoret ical  research i n  the pa& f e w  years  since their advantages fo r  
high-speed f l i gh t  becarue apparent. Most of the  research, however, h a ~  
been  limited t o  the low-aspect-ratio range. Increasing interest; Fn 
long-range,  high-speed airplanes has created a demand for  irdormation 
on swept wings i n   t h e  higher aspect-ratio range. 

Accordingly, the low-speed characterist ics of a wing of aspect 
r a t io  8 with the quarter-chord line mept back 45O were investigated 
in the Laslgley .l9-foot pressure tunnel. The win@; was untwisted and 
had a taper r a t i o  of  0.45 and NACA 631~012 airfoi l   sect ions parallel 
t o  the plane of symmetry. The investigation  included  the  determination 
of the characterist ics of the wing by force and pressure-distribution 
measurements. 

The t e s t s  were made  at a Reynold6 number of 4,000,000 and a Mach 
number of 0.19. The e f fec ts  of wrying the Reynolds number from 
1,500,000 t o  4,800,000 and of leading-edge  roughness were Investigated. 
The effects  of one configuration of  chordwise  fences were also 
Fnvestigated. 

m p l B O I S  

The data  are referred t o  the uind axe6 with the orfgin at projection 
on the plane  of symmetry of the  quarter chord of the mean aerodynamic 

.. 
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chord. The data have been reduced t o  nondimensiond coefficients which 
are defined as follows: 

cL Ilft coefficient ( -  or  cz  5 a(&) 
section lift coefficient 

'%I section lift coefficient at zero wing lift due t o  model and 
stream misalinement 

Cm pitching-moment coefficient 
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‘b bending-mament coefficient  about  root chord line 

%/4 twisting-moment coefficient  about swept quarter-chord line 

‘T -  .. twisting-moment coefficient  about lateral axis through  quarter 
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Reynolds number (F) 
stream Mach mmiber 

asgle of  attack, degrees 

section angle of attack at zero wing angle of attack due t o  
model and stream misalinentent 

lift 

pitching moment about 0.2% I 

wing area 

mean aerodynamic chord (,,,. c2w) 

local wing chord parallel t o  plane of symmetry 

man chord (%) 
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root chord 

wing span 

dynamic pressure 

free-stream velocity 

coeff ic ient  of  viscoaity 

density  of air 

pressure  coefficient 

free-stream t o t a l  pressure 

loca l  static pressure 

longitudinal  distance From local  leading edge measured parallel 
t o  chord plane and plane o f  symmetry (rearward  positive) 

longitudinal. distasce f r o m  quarter  chord  of c '  t o  local 
quarter chord  (rearward positive) 

longi tudhal  distance from quarter chord of  c' t o   qua r t e r  
chord  of root  

longitudinal  distance from l o c a l  qua3-ter chord to   l oca l   cen te r  
of pressure 

longitudinal distance from quarter chord of c '  t o  centroid 
of nom force (chordwise center of pressure) 

lateral distance from plane  of symmetry measured perpendicular 
t o  plane of  symmetry 

lateral distance from plane of symmetry to centroid of normal 
force (sganwise center of  pressure) 

ve r t i ca l  distance from chord plane measured perpendicular t o  
chord  plane (up, posit ive) 

ve r t i ca l  distance from chord plane t o  centroid of chordwise 
force  (ver t ical  center of pressure) 
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Subscripts: 

U upper surface . 

2 lower  surface 

f forward of maximum thickness 

r reaxward of maximum thickness 

MOIXEL AMD APPARATUS 

The general dimensions  of the model used i n  the  investigation  are 
shown i n  figure 1. The  model was made of steel covered  with a t h i n  
layer of  an alloy of  bismuth and t i n .  It had an aspect  ratio of 8.02, 
a taper   ra t io  of 0.45, and 45' sweepback of the quarter-chord l ine.  The 
a i r fo i l   sec t ion  parallel t o   t h e  plane of symmetry was the NACA 6 3 1 ~ ~ ~ ,  
and i t s  ordinates  are  given in reference 1. The wing was untwisted. 

The model was equipped  with  surface  orifices  for measuring the 
pressure  distribution on the  left-hand  panel over the f'ull chord at seven 
spaarise  stations and around the  leading edge at a s t a t i o n   a t  0.03bL2 
as shown in  f igure 1. Pressures over the rearward portion  of  the air- 
f o i l   a t   t h e  O.O3b/2 s ta t ion  were read by means of a static  pressure 
tube  located  about  0.0035~  f'romthe wing surface. The tubes connected 
t o  the orif ices  were brought  out  of the model from the lower surface 
of the right-hand  panel a t  a poin t  about 20 percent of  the semispan out 
from the  plane  of symmetry. From that poi& the tubes were conducted 
back  through a pipe  fixed t o  the w i n g  and para l le l  t o  the chord  plane 
and then down through a fair ing through  the  floor of the tunnel t o  
miltitube  manomters. The pressures on the manomterg were siwzlta- 
neoualy  recorded by means of cameras. The tube  conducting  pipe was 
replaced by a flush cover plate  for  the  force tests. The model is shown 
installed in   the tunnel f a r  the force tests in figure 2 and for  the 
pressure-distribution tests in figure 3.  

I 

For some of the  tests,  fences were i m t a l l e d  as shown i n  figure 4. 
The fences were x -inch sheet steel fastened  to  the wing paral le l  to 
the  plane of symmetry with  angle c l ips .  For t e s t s  with  roughness, 
0 .011-inch-dieter  carborundum grains were spread over a Burface 
length of 8 percent of the chord  back from the leading edge on the  
upper and lower surfaces along the full span of the  wing. The  grains 
were thinly spread to coyer from 5 t o  10 perceIYt of that area and were 
held i n  place by a thin  coat of ahellac. 

1 
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L i f t ,  drag, and pitching moment were measured at those  values of 
Reynolds and Mach nunibers through an -le-of-attack  range  extending 
beyond maxFrmrm l i f t .  In  addition,  pressure-di6tribution measurement8 

I were made a t  1, ~,OOO and 4,000, OOO. 

The data obtahed f'ram force t e e t s  have been corrected for the 
tare and interference  effects of the model supporta. The angle of 
attack and drag and pitching-moment coefficients  obtained from force 
tests F d  pressure-distribution t e s t a  have been  corrected for j e t -  
boundaly effects by adding the following fncremznts as determined from 
reference 2: 

Span loadings determined from presaure-distribution measurements 
indicated a basic  loading at zero lift that tunnel surveys indicate$ 
was  due m a i n l y  t o  air-stream angle variations in the region  occupied 
by the model. 
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The chordwise vmiat ion o f  the angle o f  f low w a s  averaged at 
several spanwise locations by representing  the  variation as an effective 
camber line. The average  angle was then determined from the  angle of 
attack of the  zero lift line of the  effective caniber line. The zero 
lift l ines  were obtained by a method given by Munk i n  reference 3. The 
spanwise variation of  the  averaged stream angles from the flow measme- 
ments i s  presented in   f igure 5; The basic  loading due t o  the spanwise 
angle  variation i a  preserrted in figure 5 and was obtained by multiplying 
the  angles by the slopes of the  section-lift  curves  obtained from the 
pressure measurements. T h e .  basic loading obtained from pressure measure- 
nients a t  zero lift is  also  presented in figure 5. The small differences 
between the two basic load-  curves are  probably due t o  slight h a c -  
curacies i n  the conatruction of  the model and experimental  inaccuracies 
in measuring the air-stream angles and model presaure  distribution. 

No satisfactory method i s  known f o r  correctin@;  the  individual 
pressure  coefficients (table I and fig. 6) fo r  the  basic loading, but 
the force and moment coefficients  integrated from the  pressure- 
distribution  data have been  corrected a t  all angles of attack by sub- 
t ract ing the loading obtained a t  zero lift. The pitching-moment coef- 
f ic ien ts  from the force  t e s t s  have been corrected f o r  the momrrt due t o  
the  basic  loading on the BE#, wiq. The basic  loading from the  preaaure 
measurements was used far correc thg  the data  because  possible model 
inaccuracies on the  untwisted, uncambered wing would be corrected  for 
along w i t h  the  angle  variation. 

.I 

Mo correction was applied  to take into account the spariwise fraria- 
t i on  of the jet-boundary-induced  angle o r  the model twist-due t o  loading. 
Calculations of the spanwise variation of  the induced  angles and measure- 
ments of  model ,twist angles indicated them t o  be small (0.2' at CL = 1.0) 
and o f  the sam order of  magnitude  but opposite in direction. 

Presentation of Data 

The resul ts  of  the  pressure-distribution  tests made on the plain 
wing a t  a Reynolds number of 4,000,000 are presented  as  pressure  coef- 
f ic ien ts   in   t ab le  I- and figure 6 .  The section-lif t   characterist ics 
integrated from the pressure  data of table I and ffgure 6 are  presented 
in   f igure 7. Also presented in   f igure 7 are  the  section-lift  character- 
istfcs  integrated from pressure-distribution  data f o r  the  plain wing at 
a Reynolds number of 1,~0,000 and f o r  the w i n g  with  fences and with 
leading-edge  roughness  .at a Reynolds number of -  4,000,000. 

" 
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The results of  force tests on the plain WFng through  a Reynolds 
number range from 1,500,000 to 4,800,000 are presented in figure 8. The 
results of spanwise integrations  of the section  characterist ics are a l s o  
presented i n  figure 8. A f e w  of the chordwise pressure diagTams obtained, 
on the wing at a Reynolds number of 1,500,000 are presented i n  figure 9. 
The ef fec ts  of  fences and leading-edge  roughneas on the force  character- 
i s t i c s  of t he  wing at a Reynolds nuniber of 4,000, OOO are presented i n  
figure 10. 

The pressure-distribution data for   the  wing a t  a Reynolds 
number of 4,000,000 have been integrated to give section pitching- 
moment and drag coefficients  (f ig.  ll), span-loading coefficients 
( f ig .  12), spanwise,  chordwise, and vertical   centers of  pressure 
(fig. 13), loca l  chordwise centers  of  pressure  (fig. 14), and wing 
bending- and twisting-moment coefficients (fig. 15) . 

L i f t  and  PitchFng-Moment Characterlatics 

The section-lift  curves for  the p h i n  w i n g  at a Reynolds number 
of 4,000,000 ( f ig .  7) show that the lift f o r  the root  sections increases 
nearly linearly w i t h  angle of  attack up to the highest angle of the 
t e s t s  ( 3 1 O ) .  The lift curves f o r  the t i p  sectiona show a decrease in 
lift-curve  slope at low angles of  attack  (about 5O fo r  the 0.96b/2 sta- 
t ion)  and a leveuing   of f  at around loo t o  12'. The combination of the 
linear var ia t ion a t  the root and the nonl inea  variation at the t i p  
causes a nonlinear pitch%-moment variation for  the wing. (See fig. 8.) - The decreasing lift-curve  slope at the t i p  sections cau8es a forward 
movement of the aerodynamfc center which begins at about 5' angle of 
attack and about 0.3 lift coefficient and continues to maximum lift. 

I 

The section pitching-moment characterist ics (fig. 11) have a 
negligible  effect on the WFng pitching-moment characterist ics as demon- 
strated by the fact that at maximum lift the varfa t ions  of  the  section 
pitching moments are stable while those  of the wing pitchimg momenta 
are unstable. 

The decreasing llft-curve slope over the outboard  sections is also 
reflected in the w i n g  l i f t  curve (fig. 8) where the slope s t a r t s  
decreasing at about 5 O  angle of attack. A t  about 20°, the increasing 
lift at the root i s  just   offset  by decreasing lift over the outer  por- 
t ions of the wlng so that above an angle of attack  of 2oo the lift 
coefficient i s  constant at about 1.01 up t o  the highest angle of the 
tests (31O) . 

I 

Effects of Reynolds number variation.- The effects  of a reduction 
in Reynolds number from 4,000,000 to 1,~0,000 on  the  section lift 
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ch&acteristics are sham in figure 7. These effects  are confined 
mainly to  the  outer  semispan of the wing. The Fnitid l o s s  of lift, 
is more severe a t  the lower Reynolds nmiber. FoUming the initid 

I loss of lift, an increase in lift OCCUTEI which resulte i n  higaer lift; 
coefficients  than were obtained at the same angles of attack a t  the 
higher Reynolds nrzlllber. As the angle of  attack is increased f'urther, 
the lift decreases  again.  Examination  of the chordwiee pressure 
diagrams for   the lower Reynolds number (fig. 9) reveals that the first 
loss of lift (a = l2.9*) was caused by trailing-edge seps,ratiC$I. The 
fncrease Fn lift following the Fnftial loss  of lift (a = 14.9 ) occurred 
when separation was complete over  the Rzll chord of the 0.9Ob/2 and 
0.96b/2 stations.  A t  that -le of attack the loss of lift over the 
nose of the sections was more than  offset  by an increase i n  lift; over 
the rearward portions. A t  the  0.73/2 stat ion the pressure diagram for  
05 = 14.90 shows a widening out of  the low pressure area over  the  for- 
w a r d  part of the section which more than offsets  the loss of the peak 
at the leading edge. Although this diagram is  similar t o  those  obtained 
Fn the vortex  type of flow ( s e e  reference 4), there was no evidence of 
that type of flow on th i s  wing as shown by surveya w i t h  a single tuft 
of yarn on a long probe. The O . ' 7 3 / 2  s ta t ion  waa obviously i n  a transi- 
tion  region between separded and mepara t ed  flow where  the separated- 
flow  region ex%ended farther inboard a t  the  leading edge than at the 
t r a i l i n g  edge. A t  15. go angle  of  attack the stalled region moved 
inboard slightly so that the l o w  pressure  region was broader and the  
section lift coefficient was still higher. These lift variations over 
the t ip   sec t ions  caused the pitching-moment curve for  the complete win& 
( f ig .  8) t o  have a decided jog just below maximum lift. A t  a Reynolds 
number of 4,000,000, these outboard lift phenomena were much less 
noticeable so that the pitching-moment curve showed a smaller rearward 
movement of the aerodynamic center at about 16O angle of  attack. The 
lift characterist ics of the root  sections were unaffected by the change 
in Reynolds number. The max- lift of  the w i n g  was unaffected  by 
changes in Reynolds number i n  the range investigated  (fig. S), but  the 
angle of attack at which maximum lift was f i rs t  attained was  reduced 
by increasing the Reynolds nuniber. 

Effects  of  fences. - The initid trafling-edge separation  over  the 
outboard  sections was a t t r ibu ted   to  a thickened boundary layer due t o  
spanwise flow along the  long panel of the high-aspect-ratio WFng. 
Blocking the spanwise flaw by means of  fences a t  the locations shown 
in   f igure  4 allowed the  t ip  sections  to  reach  considerably higher lift 
coefficients (fig. 7) before  separation  occurred. The root  section 
lift characterist ics were unaffected  by the fences. 

The delay  of t i p  separation  brought  about by the fences  increased 
the maxinnun lift coeff ic ient   to  1.07 and allowed the w i n g  pitching- 
moment curve ( f ig .  10) t o  be almost linear t o  maximum lift. The 
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. Effects  of  leading-edge rou&ness. - Tests at a Reynolds ntrmber 
of 4,000,000 w i t h  leading-edge  roughness added t o  the wing ahowed that 
roughness  caused tk t i p  sect ions  to  have a lower ~lf t -curve   s lope  
(fig. 7) ,  an earlier separation, and a lower nmdmm lfft . The t i p  
sections w i t h  leading-edge  roughness  experienced the same type of 
increased lift af t e r  the initial reduction as W&S noted on the smooth 
wing i n  tes ts  at a Reynolds number of' 1,~,000. The lift character- 
i s t i c s  of the root  sections were unaffected by the leading-edge rough- 
m a s .  These changes in the lift characterist ics  of the outboard wing 
sections  caused a slight  reduction in  wing l if t-curve slope (fig. lo), 
a forward s h i f t  i n  aerodynamic center at zero lift, and a jog i n  the 
pitching-moment curve below maxhmm lift ~I.~d.kr t o  that noted f o r  the 
smooth wing at a Reynolds number of I, 500,000. The maAmun lift coef - 
f ic ien t  f o r  the  wing not changed by roughness, but the angle o f .  
at tack a t  which maximu lift was attained was considerably  increased. 

Root section lift characterist ics.  - It is of interest t o  note that , 

factors such as leading-edge r.oughness or variatfon in Reynolds number, I 

wbich had a considerable  effect on the lift character is t ics  of the t i p  
sections, had no ef fec t  on the lift character is t ics  of thz  root  sections 
in  the -le-of-attack  range of  the  tests. The s t d l  resistance of the  
root  sections of sweptback wings has been encountered  previously (refer- 
ence 5) when unsuccessful attempts were made t o  hasten sta-g at the 
m o t   t o  improve the pitchfng-moment character is t ics  a t  maxirmnn lift. 
This res i s tance   to  stalling is due i n  part t o  the absence of high pres- 
sure peaks over the 'nose of those  sections (fig. 6 )  and t o  the spanrise , 
flaw W h i c h  draws low-energy air from the boundary layer of the rearward . 

portions  of  those  sections. 

" 

I 

The lack of high peak pressures  over the nose of the root  sections 
is associated with the curvature of constant  pressure lines across the 
center section as ha8 been shown Fn previous pressure-distribution 
investigations on sweptback w i n g s  (references 6 and 7). 

Drag Characteristics 

The drag coefficiente determined from pressure-distribution data 
do not include drag forces due t o  sheuFng stresees in  the boundary 
layer of the w i n g .  Any comparison between the force tes t  drag and 
pressure drag must, therefore, be made with that i n  m i n d .  

.  he section drag CUIT~B ( f ig .  U) indicate that the trailing-edge 
separation  over the t i p  aectiona at l o w  lift coefficients  (about 0.3) 
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d id  not cause any appreciable drag increase. The drag of these  sections 
d id  not start increasing very rapidly  Until after a wlng lift coeffi- 
cient of about 0.6 had been  reached. A t  the root, however, *ere 
practically no separation  occurred,  the drag increases  fairly rapid$y 
from a. w i n g  lift coefficient  of about 0.2. The chordwise pressure 
diagrams (fig. 6) show that the, t ip   sec t ions  have the peak pressure 
far forward in that lift range so tha t  the auction  pressures over the 
nose of those sections tend t o  counteract the drag due t o  separation. 
The root sections, however, have much m d l e r  peak pressures which are 
farther back from the leading edge than  they  are   a t   the   t ip .  The for- 
ward chordwise force is  therefore  very s m a l l  a t  that station, and the 
dr8g  component of the normal force is the main contributing  factor in  
the  section  drag. 

The fences  caused art increase of  about 75 percent in the drag at 
zero lift. (See f ig .  10.) This increment could probably be reduced, 
however, by fastening the  fences t o  the w i n g  w i t h  flush clips  instead 
of on the  surface of the w i n g .  The drag i n  the l i f t -coef  f ic ien t  range 
between 0.8 and 1.0 was reduced  cons$der&ly  because of the  delay of 
separation on the outer panel. 

Leading-edge  roughness  caused  about as  much increase  in drag a t  
zero lift ( f ig .  10) a s  the fences caused. In the l i f t -coeff ic ient  
range above 0.6, the drag m a  increased  considerably  because  separation 
ovzr the  outer panel waa hastened by the roughness. 

Uading  Characteristic s 

The spanwise loading  curves  (fig. 12) and the spanwise center-of- 
pressure C W W B  (fig. 13) show the effects  of the loss of lift at the 
t i p s .  The loadings at the  higher  angles of a t tack dropped o f f  over  the 
outer portions of the w i n g  and- were still- increasbg over the inboard 
portions a t   the  highest angles of  at tack of  the tests (31O). The drag 
loading  curves show that the  drag loading coefficient i s  greatest   a t  
the root  at all angles of attack in sp i te  of the  separation on the outer 
panels and absence of separation over the root. The spanwise center of  
pressure ( f i g  . 13) was about constant at 0.4%/2 over the low angle - 
of-attack  range from 0' t o  about 50 and then  started moving inboard a8 
the  angle of attack WBE increased -her. 

The chordwise  center of pressure (fig. 13) was at about 0.342 ' 
a t  Oo angle of attack and moved forward s l igbt ly  between 0' and 9. 
Above 5O the  center of pressure moved forward more rapidly a8 the 
angle of attack was increased, u n t i l   a t  Uo it waa at the  leading edge 
of the mean aeroaynamfc  chord. A t  31° it had moved back t o  about 0.0k'. 
The chordwise center of pressure i s  influenced more  by the span-load 

- 
- 
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dist r ibut ion on the swept-whg  panels % h a s  by the  local  centers of 
pressure, as w i l l  be noted when a comparison of figures 13 and 14 is 
made. A s  the angle of attack is Increased,  the  local  centers of pres- 
sure all across the span m m  rearward (fig. 14) while the wing center 
of  pressure  (fig.  13) moves forward  with i n c r e a a b g  angle of attack. 

- 

The bending-moment coefficient6 (fig. 15) increase with %le of 
attack in a manner similar t o  that of the lift. The bending moment, 
however, tends t o  level off at a lower angle of &tack  than the lift 
because as the lift l e v e l a  off   the  center of pressure moves inboard. 

The twisting-moment  coefficierrbs (fig. 15) about the root of the 
swept quarter-chord line were practically  zero up t o  abort 320 angle 
of  attack. This moment is a Arnction of  the section  pitching moments 
which cause a nose-up twisting moment near t h e   t i p s  (fig. ll) and zero 
at the  root  because of the counteracting nose-down pitching mmelrts of 
the  r o o t  sections. Above 120 the slopes of the section pitching-moment 
curves  are all i n  the same direction and thus produce nose -dm tw is t ing  
moments. 

The twisting mments  about a l a t e r a l  axis through the quarter chord 
of  the r o o t  ( f ig .  15) have much larger  negative. values because of  the 
rearward location of  the center of presaure of the  wing lift with  respect 
t o  the moment axfs. The slope of  the twisting-moment  curve  decreases 
as  angle of a t tack is  increaaed  becaue of a decreasing  lift-curve slope 
and a forward movement of  the center of pressure. I 

- 
SUMMMX OF RFSULTS 

The results of a low-speed investigation IgvolVLng force and 
pressure-distribution measurements 011 a 45' sweptback wing of aspect 
r a t i o  8 m a ~ r  be summarized a6 fo l lom.  

Chordwise pressure diagrams and section-lift c m s  showed that 
the Fnitial separation  occurred  at l o w  angles of  a t tack d o n g  the 
t r a i l i n g  edge of the outboard  sections of  the wing. The main results 
of the separation were a decrease i n  slope of  the outboard  section-lift 
curves and an unstable change in  slope of the xfng pitching-moment 
curve.  Increasing  the Reynolds n&er f'rom 1,500,000 t o  4,000, OOO 
delayed  complete aeparation of the  outboard  sections t o  a slfghtly 
higher  angle of  attack,  but e b l e  changes i n  pitching moment were 
s t i l l  evident at f a i r l y  l o w  angles  of  attack because of t r a w - e d g e  
separation. A t  a Reynold6 number of 4,0oO,000, fences  delayed the 
separation BO that the outboard  section-lift  curves were nearly linear 
t o  considerably higher angles of attack, and the w i n g  pitching-moment 

.1 
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curve was linear almost t o  maximum lift. The i n i t i a l  stall, however, 
s t i l l  occurred on the outboard  portions of  the w i n g  causing unstable 
pitching-moment variations a t  mximwn lift. Adding lesding-edge rough- 
ne88 t o   t h e  wing at a Reynolds number of 4,000,000 caused the section 
lift and wing pitching-moment curves i n  the upper lift range t o  be 
similar t o  thoae a t  the l o w  Reynolds number but a l s o  caused a reduced 
lift-curve slope for  the outboard sectione and an unstable change i n  
elope of the w i n g  pitching-moment curve through  zero lift. 

The. section pitching-moment charader ia t ics  of the wing had very 
l i t t l e  influence on the wing pitching-monment characterist ics.  The 
section  pitcpling moments had stable variations at the &all, w h i l e  the 
wing pitching moments had unstable  variations. 

The maxfrmrm lift coefficient of the wing was about 1.01 and WEE 
not affected  by changes i n  Reynolds mmiber or by leadingedge roughnesls. 
Reducing the Reynolds number o r  ad- leading-edge roughness, however, 
increased  the  angle of attack at which maximum lift was attained. The 
fences  increased maximum lif% coeff ic ient   to  1 .O7. 

Varylng the Reynolds number, adding  leading-edge  roughness, or  
inetalliIlg fences had practically no e f fec t  on the root section-lif t  
curves which were alm0e-b linear t o  the highest angle  of  attack of  the 
t e s t s  (310). 

Langley Aeronautical  Laboratory 
National Advisory C o m m i t t e e  Tor Aeronautica 

-ley Field, Va. 
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TARLe L- VALUCS OF EXPERIEWTAL PRRSSURX COe?FICIZVT 

Lmcorreoted for basic loading due to aDanwiae v a r l m b l o n  of tunnel stream en@s: R = 4,000,000) 
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P A W  I.- VALUES 02 EXPERIY%!WT& PR?S3URF CCEFPICIWT - Contimed 

[ilhcorraatad for basla loadlng due t o  spahwlae rarlrtlon of W e 1  atreom angle; B = ~ , 0 0 0 , 0 0 0 ~  

ortrim loaatf  an Preaaure coefilaient. 9 
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TAB= I.- VALUES OB EXPERIMENTAL PRESSURE COEFFICIENT - Conoluded 

[Uncorrected for baslc loading due to  a p a m l a s  varlatfon of tunnel stream angle; R = 4 , O O O , O O O 1  
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O - O J P l  

Typicd chordwise orifice foeations 

Figure 1.- Geometric characterist ics of model. Aspect r a t i o  8.02; 
taper   ra t io  0.45; a t r f o i l  section 631AO12; w i n g  area 14.021 sq ft. 
(Dimensions €n inches eXcept as  noted. 1 



. .   . .  .. 

Figure 2. - kdel in tunnel fo r  force  tests. (Front dew. 



a 1 a 

Figure 3.- Model in tunnel for pressure-distribution t ea ts .  (Rear view.) 
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. 

Figure 4. - Detail6 of chordwise fences. 



UCA RM ~ 5 x 1 3  . 27 
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Determfned from: 

Span loading at z e r o  l i f t  - -.- --Air a tream surveys 
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Figure 5.- Basic loading aid  angle-of-attack  distribution BCTOSB left 

wing of  m o d e l .  
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Figure 6 . -  Continued. 
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Figure 6 .  - Continued. . 
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Figure 7.- Eefects of Reynolde mber variation,  fences, and lead--edge 
roughness on the section lift characteristics. 
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Figure 8.- Force and moment characteristics of t h e  phis wing through a 
Reynom mzmher range. 
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(b) R t c U n g  moment. 

F’igure 8. - Contimed. 
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Figure 9. - Chordwis e pressure diagrams for the 2lain w i n g .  R = I, 500,000. 
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(a )  Uft  and p i t c w  moment. 

Figure 10.- Effects of chordwise fences and lea&&-edge roughness on 
the force and moment characterlstics of the Mng. R = 4,000,000. 
(Solid sgmbols indicate  data from presaure-distribution  tests. ) 
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(b) D r q .  

Figure 10.- Concluded. 
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Figure ll.- Section pitching-moment and drag characteristics of the plain KLng. R = 4,ooO,000. 
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Figure 12.- Span l oadbg  characteristics of the plain wing .  R = 4,000,000. 
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(b ) Drag loading. 

Figure 12. - Concluded.. 
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Figure l3.- Spanwise, chordwise, and vertical   centers of presmre of the 
plain wing. R = 4,00~,000. 
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F'igure 14.- h c d  chordvise  centere of  pressure for several angles of 
attack o f  the plain w i n g .  R = 4,000,000. 
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Figure 15. - Bending- and twisting-moment characteristics of the plain 
wing. R = 4,000,000. 
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